Optic nerve gliomas are rare, being responsible for I per cent. of intracranial tumours (Russell and Rubinstein, I 97 I) and 3 per cent. of unilateral -rbital lesions (Reese, I963). 75 per cent. of patients are under the age of io years (Chutorian, Schwartz, Evans, and Carter, I964) and the association with neurofibromatosis is well established (Davis, I940; van der Hoeve, I925; Tym, I96 i). The benign glioma has been described as a 'congenital non-neoplastic hamartoma-like lesion with a distinctive self-limiting pattern of growth and morbidity ' (Hoyt and Baghdassarian, I969).
Examination by an oto-rhino-laryngologist revealed no abnormality and x rays and biopsy of the postnasal space were also negative. However, x rays of the optic foramina showed that the right was larger than the left (Fig. 2) A biopsy was taken and this showed the histological features of a Grade III astrocytoma. Steroids were consequently stopped and radiotherapy instituted.
Progress
Over the subsequent months the sight of the left eye deteriorated further and on June 25, I969, the patient developed acute pain in the right eye. Examination revealed corneal oedema, rubeosis iridis, and an intraocular pressure of 50 mm. Hg. A diagnosis of thrombotic glaucoma was made and despite a retrobulbar injection of alcohol the pain persisted and the eye was enucleated. The optic nerve was found to be markedly thickened (see Fig. 3 Though most of the cells were recognizable as fibrillary astrocytes, there was a degree of pleomorphism and many cells had giant hyperchromatic nuclei which were occasionally multilobulated. Mitotic figures were also present. The tumour had a somewhat open texture in places with the spaces containing an acid mucopolysaccharide which was both Alcianophilic and periodic acid-Schiff positive. Endothelial cell hyperplasia was a prominent finding in the majority of the blood vessels coursing through the tumour, though many capillaries within the pre-existing fibrous septa of the nerve were normal. Neoplastic cells had invaded both the arachnoid and dural sheath and infiltrated the optic nerve head, where several large thrombosed and recanalized vessels could also be seen. Occluded branch veins in the retina were associated with numerous superficial haemorrhages and occasional serous exudates in the outer layers. The peripheral retina showed marked cystclid degeneration.
Digest preparations of a portion of the retina stained with oil red 0 showed lipid in some veins and capillaries; staining with haematoxylin and eosin showed several capillary microaneurysms, occasional arterio-venous shunts, and widespread endothelial cell degeneration.
ULTRASTRUCTURE
A portion of the optic nerve excised at operation was fixed in 2-5 per cent. glutaraldehyde for electron microscopical examination. After post-fixation in Ipercent. osmium tetroxide and embedding in araldite, semi-thin sections were cut and stained with toluidine blue. Light microscopy of these sections showed a few Rosenthal fibres, but were otherwise identical to the paraffin sections.
Electron microscopy of thin sections stained with uranyl acetate and lead citrate showed closely packed polyhedral cells with oval or bizarre multilobulated nuclei. Nucleoli were prominent and usually multiple and there was some marginal condensation and clumping of the nucleoplasm (Fig. 6, overleaf) . The cytoplasm was rich in organelles and included small mitochondria, dilated cisternae of endoplasmic reticulum filled with flocculent material, occasional lipid inclusions, abundant free ribosomes, and prominent Golgi systems. In some cells there was a well-developed smooth surfaced endoplasmic reticulum arranged in a whorled concentric fashion (Fig. 7, overleaf) . The cytoplasmic processes of these neoplastic astrocytes were short and stubby and contained delicate filaments arranged in whorls and parallel bundles along the axis.
The filaments often encircled the nucleus (Fig. 8, overleaf ) while occasional cells were apparently devoid of filaments. A few glial processes, corresponding to the Rosenthal fibres of light microscopy, were characterized by focal irregular condensation of the intracytoplasmic filaments, the latter in some instances having been superceded by granular disintegration of the electron dense aggregates (Fig. ga, b ).
The endothelium of many capillaries was hyperplastic and bulged into the lumen, giving individual cells a somewhat columnar appearance (Fig. i o) . The cells were rich in organelles and an isolated example of mitotic activity was seen. Vessels within the fibrous septa of the nerve were surrounded by collagen fibrils which mingled with the more amorphous component of the basement membrane. Though there was a definite basement membrane separating the neuroglial tissue from the fibrovascular septa, neoplastic astrocytes and their processes were often seen within the septa. Glial processes were frequently present within the collagenous basement membrane of the septal capillaries. Occasional non-astrocytic cells (probably histiocytes), having lipoidal inclusions, were also seen. The progressive unremitting retrograde spread of this tumour produced death 13 months after presentation and similar histories were given in other reported cases.
The morphological features which gave grounds for believing that this optic nerve glioma was malignant were cellular pleomorphism, nuclear irregularity including multilobulated glial forms, hyperchromatism, and some hypoplasia of most cytoplasnmic processes. Comparable findings have been described in malignant astrocytomas of the brain at both light and electron microscopical levels (Russell and Rubinstein, 197I; Luse, 1960; Raimondi, Mullan, and Evans, I962) . Mitotic activity was also increased, and ultrastructurally some cells showed margination of the nucleoplasm indicative of nuclear exhaustion similar to that reported by Raimondi (I966) in cerebral glioblastoma multiforme. In a patient in his fifth decade, such proliferative activity cannot be regarded as hamartomatous and must be seen as neoplastic growth with sinister implications. The degree of malignancy corresponds most closely to the Grade III astrocytoma described in the classification introduced by Kernohan, Mabon, Svien, and Adson (I949) .
Clinical diagnosis on initial presentation has in most cases been that of optic neuritis due to the sudden visual loss, often with pain and proptosis. Recently it has been suggested that this might be due to increase in tumour size related to accumulation of mucinous material rather than to any proliferative activity (Anderson and Spencer, 1970) . The present tumour contained extracellular mucosubstance and presented cytological features, such as Golgi system hypertrophy and dilated cisternae of the endoplasmic reticulum filled with flocculent material, which might justifiably be construed as evidence of enhanced mucopolysaccharide production. The amount of mucosubstance, however, seemed insufficient to cause significant increase in tumour size and certainly did not give rise to the microcystic appearance described in a case by Anderson and Spencer (I970) .
Invasion of the fibrous septa of the nerve by astrocytes is occasionally seen in benign gliomas (Anderson and Spencer, I970) , but when it is as prominent as in the present case it must indicate the invasive potential of the tumour. Capillary endothelial cell proliferation was most prominent and, though not specific for malignancy, should raise suspicion in an otherwise benign lesion (Russell and Rubinstein, 1971) . The cause of the proliferation is unknown but it is interesting to speculate that it might in some way be related to the observed infiltration of the collagenous adventitia and basement membrane of the vessel by neoplastic glial processes.
Rosenthal fibres were a common finding among the tumour astrocytes. Tissue culture (Gluszcz, Giernat, Habryka, Alwasiak, Lach, and Papierz, I971) and ultrastructural studies (Herndon, Rubinstein, Freeman, and Electron microscope studies showed invasion by tumour of neighbouring structures and endothelial cell hyperplasia, and the clinical pattern is related to these findings.
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